Entanglement negativity at large central charge by Malvimat, Vinay & Sengupta, Gautam
ar
X
iv
:1
71
2.
02
28
8v
2 
 [h
ep
-th
]  
23
 M
ay
 20
18
Entanglement negativity at large central charge
Vinay Malvimat∗1 and Gautam Sengupta†2
1,2Department of Physics, Indian Institute of Technology Kanpur, Kanpur 208016,
INDIA
May 24, 2018
Abstract
We establish the large central charge behaviour of the entanglement negativity for a
mixed state configuration of a single interval enclosed between two intervals in a holographic
CFT1+1. To this end we utilize the monodromy technique to elucidate the large central
charge limit of a four point twist correlator which characterizes the negativity of the mixed
state configuration. Subsequently we analyze the large central charge limit of the six point
twist correlator which reduces to the above four point correlator in a specific limit. The
results provide a strong consistency check for our recently proposed holographic entanglement
negativity conjecture in the AdS3/CFT2 scenario.
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1 Introduction
Over the last decade significant advances in the understanding of quantum entanglement in the
framework of the AdS-CFT correspondence has revealed a remarkable connection with issues
of quantum gravity and the structure of space time [1–3]. In this context entanglement entropy
has played a key role as the measure to characterize quantum entanglement for bipartite pure
states. For systems with finite degrees of freedom this measure may be computed directly from its
definition. However, for extended quantum systems the computation of entanglement entropy
is arduous as it involves the evaluation of the eigenvalues of an infinite dimensional density
matrix. For (1 + 1)-dimensional conformal field theories ( CFT1+1 ) this issue was addressed
through a replica technique which was developed in a series of interesting articles by Calabrese
et. al [4, 5]. Subsequently in a significant communication, Ryu and Takayanagi advanced a
holographic conjecture to compute entanglement entropy of bipartite states in conformal field
theories through the corresponding dual bulk geometry. According to this the entanglement
entropy for a subsystem in a holographic CFTd was proportional to the area of the co dimension
two bulk static minimal surface homologous to the subsystem, in the dual AdSd+1 geometry [6,7].
A covariant version of this conjecture for CFTds dual to non static bulk AdSd+1 configurations
was subsequently communicated in [8].
In the AdS3/CFT2 scenario Ryu and Takayangi [6, 7] showed that for a single interval in a
CFT1+1 the holographic entanglement entropy exactly reproduced the result of [4,5] in the large
central charge limit. The case for multiple disjoint intervals was however more complex as this
was related to the higher point twist correlators in the CFT1+1 and in general was dependent on
the full operator content of the theory. In this connection it is useful to recollect that the semi
classical bulk gravitational description in the limit GN → 0 corresponds to the large central
charge c → ∞ limit of the dual CFT1+1 in the AdS3/CFT2 scenario. The authors in the
articles [9,10] computed the entanglement entropy of two disjoint intervals through the relevant
four point twist correlator employing the conformal block expansion. Remarkably they were
able to show that the holographic entanglement entropy characterized by the Ryu Takayanagi
conjecture exactly reproduced their results in the large central charge limit.
The key technique used in [10] derives from a result due to Zamolodchikov et al. [11] which
states that the conformal blocks of the four point correlator in the Liouville theory exponentiate
in the large central charge limit. Subsequently Hartman in [10], employed the monodromy
technique for the determination of the conformal blocks for the higher point correlators of the
twist fields in the CFT1+1. Notably this monodromy technique has been very useful recently
to investigate general higher point correlators in CFT1+1 related to a variety of significant
issues involving thermalization and the information loss paradox [12–18]. A proof of the Ryu-
Takayanagi conjecture in the context of the above AdS3/CFT2 scenario was developed in [19].
The corresponding proof for the more general AdSd+1/CFTd scenario was obtained in [20] and
the covariant version in [21].
In quantum information theory it is well known that entanglement entropy ceases to be a
valid measure for the characterization of mixed state entanglement as it receives contributions
from correlations which are irrelevant for the specific mixed state configuration1. A significant
resolution of the issue of mixed state entanglement in quantum information theory was advanced
by Vidal and Werner in [23]. In this article the authors introduced a computable measure termed
entanglement negativity which characterized the upper bound on the distillable entanglement
for a mixed state. The specification of the entanglement negativity involves the procedure of
purification in which the bipartite system is embedded in a larger auxiliary system such that the
composite is in a pure state and then tracing over the auxiliary system. Recently in a series of
articles the authors in [22,24,25] developed a replica technique for the entanglement negativity of
1For example for the mixed state described by a finite temperature CFT1+1 case it receives contributions from
both classical and quantum correlations [4,5,22].
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bipartite pure and mixed states in CFT1+1. In this context the large central charge limit for the
entanglement negativity between two disjoint intervals in a CFT1+1 was obtained by Kulaxizi
et al. in [26]. In this article the authors employed the monodromy technique mentioned earlier
to determine the conformal blocks for the relevant four point twist correlator.
Recently, the present authors ( VM and GS) in a collaboration (CMS) advanced a holo-
graphic entanglement negativity conjecture for bipartite pure and mixed states in holographic
CFTs [27–29]. The holographic entanglement negativity was observed to be proportional to a
specific algebraic sum of the areas of co dimension two bulk extremal surfaces (geodesic lengths
in the AdS3) anchored on the corresponding subsystems that reduces to a sum of the holographic
mutual information between the subsystems. For the AdS3/CFT2 scenario this conjecture ex-
actly reproduced the universal part of the corresponding CFT1+1 results computed through the
replica technique2. One of the motivation for the present article is to demonstrate that the uni-
versal part of the CFT1+1 result is the dominant contribution to the entanglement negativity
in the large central charge limit.
More recently, the present authors (VM and GS) in another collaboration proposed a distinct
holographic entanglement negativity conjecture for mixed states of adjacent subsystems in CFTs
[30, 31]. Interestingly this involved another specific algebraic sum of the areas of co dimension
two bulk extremal surfaces anchored on the specific subsystems which reduced to the holographic
mutual information between them. In this case for the AdS3/CFT2 scenario the holographic
entanglement negativity following from our conjecture also exactly reproduced the corresponding
CFT1+1 results in the large central charge limit described in [26].
Quite naturally these holographic conjectures and the above discussions makes it imperative
to comprehensively investigate the large central charge limit of the entanglement negativity for
mixed states in holographic CFT1+1s. As stated above for the mixed state of adjacent intervals
this issue was studied in detail by Kulaxizi et. al in [26]. In the present article we address the
corresponding problem for a distinct mixed state of a CFT1+1 which has crucial relevance for the
holographic conjecture described earlier [27–29]. This mixed state configuration is described by
a single interval (A) enclosed between two other intervals (B1 ∪B2) in a CFT1+1 as depicted in
fig.(4). A bipartite limit may then be taken to obtain the entanglement negativity corresponding
to the full system A ∪Ac as described in [27–29].
Motivated by the considerations described above, here we present a detailed investigation of
this issue. In this context we utilize the monodromy technique mentioned earlier to examine the
large central charge behavior of a four point twist correlator in a holographic CFT1+1, which
characterizes the entanglement negativity of the above configuration.We observe that the results
obtained both in the s and the t channels are consistent with our holographic conjecture [27]
for the AdS3/CFT2 scenario. Subsequently we analyze the large central charge behaviour of a
six point twist correlator which reduces to the above four point correlator in a specific limit.
Through our analysis we are able to demonstrate that the universal part of the entanglement
negativity dominates in the large central charge limit. Hence the results we obtain here, serve as
a strong consistency check for our holographic entanglement negativity conjecture for the above
mentioned mixed state configuration, as described in [27,29].
The article is organized as follows. In section two we briefly review the computation of
the entanglement negativity of the relevant mixed state in a CFT1+1. Subsequently in Section
three we briefly review our holographic negativity conjecture in the context of the AdS3/CFT2
scenario. In the fourth section we present a concise account of the monodromy technique to
obtain the conformal blocks for the four point correlator characterizing the negativity in a
CFT1+1 in the large central charge limit. In section five we utilize this technique to investigate
the large-c behavior of the four point twist correlator and demonstrate that the result in the
relevant channels are consistent with our holographic conjecture. In Section six we analyze the
2The universal part of the entanglement negativity refers to the component which is independent of the detailed
operator content of the CFT.
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large central charge behaviour of a six point twist correlator which reduces to the four point
correlator in a specific limit. In the last section we present a summary of our results and
conclusions.
2 Entanglement negativity in a CFT1+1
In this section we briefly review the computation of the entanglement negativity for mixed states
described by two different configurations in a CFT1+1 relevant for our purpose. In this context
we first introduce the definition of entanglement negativity in quantum information theory as
proposed in [23]. The authors there considered a tripartite system in a pure state consisting
of subsystems that are denoted as A1, A2 (such that A1 ∪ A2 = A) and Ac describing the rest
of the system. The entanglement negativity characterizing the upper bound on the distillable
entanglement between the subsystems A1 and A2 is defined as follows
E = logTr|(ρT2A )| (1)
where the ρA is the reduced density matrix of the subsystem A = A1 ∪ A2 and the superscript
T2 indicates the operation of partial transpose which is defined as follows
〈e(1)i e(2)j |ρT2 |e(1)k e(2)l 〉 = 〈e(1)i e(2)l |ρ|e(1)k e(2)j 〉. (2)
Here |e(1)i 〉 and |e(2)j 〉 represent the basis states of the subsystems A1 and A2 respectively.
As discussed in the introduction, Calabrese et al. in [22, 24, 25] developed a replica tech-
nique to compute the entanglement negativity for various pure and mixed state configurations
in a CFT1+1. The first configuration depicted in fig.(1) involves the subsystems A1 and A2
corresponding to two disjoint finite intervals denoted as[u1, v1] and [u2, v2] respectively and A
c
describes the rest of the system. The replica definition of the entanglement negativity between
the subsystems A1 and A2 is given as follows
E = lim
ne→1
log Tr(ρT2A )
ne . (3)
Here ne denotes that the parity of the replica index n is even. Note that this is because the
definition of entanglement negativity given in eq.(1) matches with the above definition only
if we assume the even parity of n that is n = ne and then finally take the limit ne → 1.
Therefore the authors proposed the replica definition for the entanglement negativity as an
analytic continuation of even sequences of n to ne = 1
3. The authors demonstrated that the
quantity Tr(ρT2A )
ne in eq.(3) is given by the following four point twist correlator
Tr(ρT2A )
ne = 〈Tne(u1)T ne(v1)T ne(u2)Tne(v2)〉C. (4)
where T and T are the twist and the anti-twist operators both of which have the scaling
dimensions ∆ne =
c
24(ne − 1ne ).
A1
u1
A2
v1 u2 v2
Figure 1: Schematic of the configuration of the mixed state of two disjoint intervals A1 and A2
3Note that this analytic continuation is non-trivial and has been established only for expicit examples involving
some simple conformal field theories [22,24,25].
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Note that the four point correlator in a CFT1+1 can only be fixed upto a function of the cross
ratio
[
x = (u1−v1)(u2−v2)(u1−u2)(v1−v2)
]
, which depends on the full operator content of the theory. This made
the computation of the negativity in the case of the disjoint interval extremely complex except
for some specific examples such as the free compactified boson and critical Ising model [25,32,33].
However, in the limit of adjacent intervals described as v1 → u2 as depicted in fig.(2), the four
point twist correlator in eq.(4) reduces to the following three point twist correlator as follows
Tr(ρT2A )
ne = 〈Tne(u1)T 2ne(u2)Tne(v2)〉C. (5)
where T 2ne(u2) corresponds to the twist operator which connects jth-sheet of the Riemann surface
to (j − 2)th-sheet and has the following scaling dimension
∆(2)ne = 2∆ne2
=
c
12
(
ne
2
− 2
ne
.) (6)
A1
u1
A2
u2 u2 v2
Figure 2: Schematic of the configuration in the limit the two intervals A1 and A2 become adjacent
The form of the three point function may be completely determined by the conformal sym-
metry up to a numerical constant ( which also depends on the full operator content) and leads
to the following expression for the entanglement negativity [24, 25] of the mixed state in the
CFT1+1 at zero temperature.
E = c
4
log[
l1l2
(l1 + l2)a
] + constant (7)
where l1 and l2 are the lengths of the two intervals, c is the central charge of the CFT1+1 and
a is the UV cut-off for the CFT1+1.
Subsequently the authors addressed the case of a bipartite system in a pure state, described
by a single interval in a zero temperature CFT1+1. The entanglement negativity for this con-
figuration is obtained by taking the bipartite limit defined by u2 → v1 and v2 → u1 (that is
(A1, A2, A
c)→ (A,Ac, ✁0)) in the four point function given by eq.(4) which leads to the following
expression
Tr(ρT2A )
ne = 〈T 2ne(u)T 2ne(v)〉C (8)
where u1 = v2 is denoted as u and v2 = u1 is denoted as v. Since the form of the two point
correlation function is fixed completely by the conformal symmetry, the entanglement negativity
may be easily computed using eq.(3) as4
E = c
2
log
(
l
a
)
+ constant, (9)
where c is the central charge, ℓ = |u− v| is the length of the subsystem-A and a represents the
UV cut-off of the field theory. Interestingly this limit leads to the expected result from quantum
information that for a pure state the entanglement negativity is Renyi entropy of order-12 .
Although the above procedure works for the pure vacuum state of the CFT1+1, eq.(8) is
not applicable to the finite temperature mixed state where the CFT1+1 is defined on an infinite
4Note that the twist fields T 2ne connect n
th
e sheet of the Riemann surface (ne + 2)
th(T
2
ne connect n
th
e to
(ne − 2)
th) sheet of the Riemann surface. This leads to the factorization of the two point function due to the
breaking of ne even sheeted Riemann surface into two ne/2 sheeted Riemann surfaces.
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cylinder [22]. For the latter case the bipartite limit is more subtle and involves the full tripartite
system. This configuration involves the subsystems A,B1, B2 described by the intervals A =
[u2, v2] of length ℓ, B1 = [u1, v1] and B2 = [u3, v3] as depicted in the fig.(3) below. We denote
B = B1 ∪B2 and Ac describes the rest of the system.
B1
u1 v1
A B2
u2 v2 u3 v3
Figure 3: Schematic of the configuration with single interval A in between two disjoint intervals B1 and B2
In this case the entanglement negativity is characterized by the six point function of the
twist fields as follows
Tr(ρTAAB)
ne = 〈Tne(u1)T ne(v1)T ne(u2)Tne(v2)Tne(u3)T ne(v3)〉 (10)
In the limit v1 → u2 and v2 → u3 the configuration in fig.(3) reduced to the one in fig.(4) and
the above six point function reduces to the following four point function
Tr(ρTAAB)
ne =
〈Tne(u1)T 2ne(u2)T 2ne(v2)T ne(v3)〉 (11)
For the vacuum state of the CFT1+1 which lives on the complex plane, the above four point
twist correlator has the following form from conformal symmetry [22]
〈Tne(z1)T 2ne(z2)T 2ne(z3)T ne(z4)〉C =
cnec
2
ne/2
z
2∆ne
14 z
2∆
(2)
ne
23
Fne(x)
x∆
(2)
ne
, x ≡ z12z34
z13z24
, (12)
where (z1, z2, z3, z4) = (u1, u2, u3, v3) for the configuration in question. This leads to the fol-
lowing expression for the entanglement negativity of the mixed state configuration depicted in
fig.(4)
E = c
4
log
( l1 l22 l3
(l1 + l2)(l2 + l3)a2
)
+ g(x) + constant, x =
l1l3
(l1 + l2)(l2 + l3)
(13)
where l1 = |u1 − u2|, l2 = |u2 − v2| and l3 = |v2 − v3| are the lengths of the intervals B1, A and
B2 respectively. The function g(x) and the constant are non universal and depend on the full
operator content of the theory. However the end point values of the function g(x) may be fixed
to be g(1) = 0 and g(0) = const as described in [22].
B1
u1
A B2
u2 v2 v3
Figure 4: Schematic of the configuration in the limit the two intervals B1 and B2 become adjacent to A
Interestingly, observe that in the limit l1, l3 >> l2, i.e as the cross ratio x→ 1, the tripartite
system involving A,B and the rest of the system reduces to the bipartite system A ∪ Ac. Note
that this limit is equivalent to the bipartite limit B → Ac leading to (A ∪ B)c → ∅. Hence in
this limit, the result given by eq.(13) reduces to the following
E ≈ c
2
log
( l2
a
)
+ constant. (14)
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This expression matches exactly with the entanglement negativity of the bipartite pure vacuum
state of the CFT1+1 given in eq.(9). This is expected as in the bipartite limit B → Ac, the
mixed state density matrix ρA∪B reduces to the pure vacuum state ρA∪Ac = |0〉 〈0| for the case
when the full system A ∪Ac is described by the vacuum state of the CFT1+1.
Similarly, as described in [22], the entanglement negativity of the finite temperature mixed
state in the bipartite limit is described through the four point twist correlator as follows
E = lim
L→∞
lim
ne→1
log
[〈Tne(−L)T 2ne(−l)T 2ne(0)T ne(L)〉β
]
, (15)
Once again, the full tripartite system depicted in fig(4), reduces to the bipartite system A ∪Ac
in the limit B → Ac (L → ∞), with the coordinates u2 = −L and v3 = L in eq.(11). where
the subscript β indicates that the correlation function has to be evaluated on a cylinder, v2 =
u1 = ℓ and v1 = u3 = 0. Note that the order of the limits is significant to obtain the correct
finite temperature negativity, and unlike the zero temperature case discussed previously, the full
system A∪Ac in this case is described by the mixed state thermal density matrix ρA∪Ac = e−βH .
As described by eq.(15), the replica limit ne → 1 has to be imposed prior to the bipartite
limit denoted by L→ ∞. The four point function of the primary operators is fixed only up to
a function of a cross ratios and therefore the entanglement negativity given by eq.(15) leads to
the following expression
E = c
2
log
[
β
πa
sinh
(
πl
β
)]
− πcl
2β
+ g(e−2πl/β) + constant. (16)
The non universal function g(e−2πl/β) and the constant in the above expression depend on the
full operator content of the theory. Its values may be fixed only at the end points (x = 0 and
x = 1). Interestingly the above expression may be expressed as follows
E = 3
2
[SA − SthA ] + g(e−2πl/β) + constant, (17)
where SA =
c
3 log
[
β
πa sinh
(
πl
β
)]
and SthA =
πcl
3β corresponds to the entanglement entropy and
the thermal entropy of the subsystem-A respectively. It is clear from the above expression that
the entanglement negativity eliminates the thermal contribution and hence describes the upper
bound on the distillable entanglement in a mixed state.
3 Holographic entanglement negativity conjecture in AdS3/CFT2
Figure 5: Schematic of geodesics anchored on the subsystems A, B1 and B2 in the dual CFT1+1.
As mentioned in the Introduction it was demonstrated in [27] that the first term describing the
universal part of the entanglement negativity admits of a holographic description in terms of the
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bulk geometry which we briefly review in this section. For the mixed state depicted in fig.(4),
the entanglement negativity for the bipartite system A∪B (where B = B1 ∪B2) was described
by a specific algebraic sum of the bulk space like geodesics anchored on appropriate subsystems
as shown in fig.(5) which is given by
E = 3
16G
(3)
N
[
(2LA + LB1 + LB2 −LA∪B1 − LA∪B2)
]
. (18)
In the above expression Lγ represents the length of the bulk AdS3 geodesic anchored on the
subsystem γ in the dual CFT1+1. Curiously, upon using the Ryu-Takyanagi conjecture this
reduces to the sum of the holographic mutual information between pairs of subsystems in the
tripartition as follows
E = 3
4
[I(A,B1) + I(A,B2)]. (19)
Here, the holographic mutual information between the pair of intervals (A,B1) and (A,B2) are
given as
I(A,Bi) = SA + SBi − SA∪Bi ,
=
1
4G
(3)
N
(LA + LBi − LA∪Bi), (20)
The bulk dual for the vacuum state of the CFT1+1 corresponds to the Pure AdS3 spacetime.
The length of bulk geodesic Lγ anchored to the subsystem γ in the dual CFT1+1 in this space
time is given as
Lγ = 2R log
[ lγ
a
]
. (21)
Utilizing the above eq.(21) in the holographic conjecture described by eq.(18), we obtain the
following expression for the entanglement negativity for the required mixed state
E = c
4
log
( l1 l22 l3
(l1 + l2)(l2 + l3)a2
)
(22)
Notice that remarkably this matches exactly with the universal part of the entanglement neg-
ativity obtained through the replica technique, given by eq.(13). Consider the bipartite limit
B → Ac in which the lengths l1, l3 →∞. In this limit the above equation leads to the following
result
E = c
2
log
(
l2
a
)
(23)
As explained earlier in this limit the mixed state density matrix ρA∪B reduces to the pure state
ρA∪Ac = |0〉 〈0|. The above result exactly matches with the universal part of the corresponding
replica technique result given in eq.(14).
On the other hand for the finite temperature mixed state of a CFT1+1, the dual bulk cor-
responds to the BTZ black hole. In this case the holographic conjecture described by eq.(18)
leads to following expression for entanglement negativity
E = c
2
log
[
β
πa
sinh
(
πl
β
)]
− πcl
2β
(24)
=
3
2
[SA − SthA ] (25)
Once again this matches exactly with the universal part of the corresponding result in eq.(16)
obtained through the replica technique.
The above discussions therefore lead to the significant issue of examining the large central
charge limit of the four point twist correlator in eq.(12) in order to investigate the consistency
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of this holographic conjecture. In this context, in the subsequent sections, we will utilize the
monodromy technique to demonstrate that the universal part of the entanglement negativity
given by eq.(22) is dominant in the large central charge limit where as the non universal part
of the negativity described by the function g(x) in eq.(13) and eq.(17) is sub leading. This
would serve as a stringent consistency check from the CFT1+1 for the holographic entanglement
negativity conjecture described in [27–29]. We proceed to address this issue in the following
sections.
4 Conformal blocks at large-c and the Monodromy technique
In this section we will review the monodromy technique for examining the large-c behavior of
the conformal blocks of four point correlation functions in a CFT1+1 [10, 12]. To this end the
authors in [10,12] consider the well known s-channel (x→ 0) conformal block expansion of the
four point function of the primary operators Oi in a CFT1+1 which is given by
〈O1(0)O2(x)O3(1)O4(∞)〉 =
∑
p
Cp12C
p
34F(x, hp, hi)F(x, hp, hi). (26)
In the above expression the sum is over all the primary operators Op with scaling dimensions
hp, C
p
12, C
p
34 are the three point OPE coefficients and the functions F(x, hp, hi) represent the
corresponding conformal blocks. Note that the four point function in eq.(26) is in conformally
transformed coordinates given by (0, x, 1,∞) and may be obtained from the original four point
function as follows
〈O1(0)O2(x)O3(1)O4(∞)〉 = lim
z4,z4→∞
z2h44 z
2h4
4 〈O1(0)O2(x)O3(1)O4(z4)〉. (27)
In [11] Zamolodchikov et al. demonstrated that in the limit c → ∞ the conformal blocks
of the four point function of the primary operators in a Liouville field theory exponentiate as
follows (see [34] for a review)
F(c, hp, hi, x) ∼ exp
[
− c
6
f
(hp
c
,
hi
c
, x
)]
. (28)
In the above mentioned approximation it is assumed that
hp
c and
hi
c are held fixed in the large-c
limit. Although a general proof of this statement remains elusive there is strong indication
that the above mentioned exponentiation of the conformal blocks is true for all holographic
CFT1+1s [12, 35, 36]. The function f
(
hp
c ,
hi
c , x
)
is obtained by determining the monodromy of
the solutions of a certain second order differential equation which is given as follows
ψ′′(z) + T (z)ψ(z) = 0. (29)
The function ψ(z) is obtained by inserting a light degenerate operator ψˆ(z) (hψ ∼ O[1]) in the
four point function of the above mentioned operators Oi, which in the c→∞ limit leads to the
following simplification∑
p
〈O1(z1)O2(z2) |Op〉 〈Op| ψˆ(z)O3(z3)O4(z4)〉 ≈ ψ(z, zi)
∑
p
〈O1(z1)O2(z2) |Op〉 〈Op| O3(z3)O4(z4)〉.
(30)
On the other hand the function T (z) in eq.(29) is obtained by using eq.(28), eq.(30) and the
conformal ward identity as follows
〈Tˆ (z)O1(z1)O2(z2)O3(z3)O4(z4)〉 = −
c
6
T (z)〈O1(z1)O2(z2)O3(z3)O4(z4)〉 (31)
T (z) =
4∑
i=1
hi
(z − zi)2 +
ci
(z − zi) . (32)
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Three of these parameters c1, c3 and c4 in eq.(32) are fixed by the constraint T (z) ∼ z−4 as
z →∞ and may be expressed as
∑
i
ci = 0
∑
i
(cizi − 6hi
c
) = 0
∑
i
(ciz
2
i −
12hi
c
zi) = 0. (33)
The fourth accessory parameter c2 is given by the derivatives of the required function f(x) as
c2 =
∂f
∂x . A fourth constraint is imposed using OPEs in corresponding channels to determine this
accessory parameter c2 by fixing the trace of the monodromy matrix around the singularities of
T (z) to be as follows (See [12] for details)
Tr(M0x) = −2 cos (πΛp), hp = c
24
(1− Λ2p). (34)
Here hp is the scaling dimension of the intermediate operator Op in the given channel with
the lowest scaling dimension. Hence, the above mentioned monodromy condition leads to the
fourth accessory parameter c2 =
∂f
∂x . The required function f(x) may then be obtained upon
integration.
4.1 The two adjacent interval case
To illustrate the monodromy technique described above we briefly outline its application to
compute the entanglement negativity for the mixed state of the two adjacent intervals in the
holographic CFT1+1 as described in [26]. There the authors utilize the above technique to deter-
mine the conformal block for the four point twist correlator given by eq.(4) which characterizes
the entanglement negativity of the mixed state in question. Note that the case of adjacent
interval corresponds to the t-channel for the four point correlator described by the limit x→ 1.
Hence, in this limit the four point function in eq.(4) reduces to the three point function as
described by eq.(5). In this case the authors in [26] demonstrated that the function T (z) in
eq.(32) is given by
T (z) ≈ c2(1− x)
(z − 1)2 . (35)
Therefore the second order ordinary differential equation given in eq.(29) reduces to the following
ψ′′(z) +
c2(1− x)
(z − 1)2 ψ(z) = 0. (36)
Hence the monodromy condition in eq.(34) imposed on the solutions of this differential equation
leads to the following expression for the function f(x)
∂f
∂x
= − 3
4(1 − x) . (37)
Upon integration the above partial differential equation leads to the entanglement negativity of
the adjacent intervals in the large central charge limit as follows [26]
f(x) =
3
4
log[(1− x)] (38)
As described in [25,26], in the limit x→ 1 which corresponds to u2 → v1, denoting ǫ = u2 − v1
with lj = vj −uj {j = 1, 2}, the above expression for the function f(x), the large central charge
limit of the entanglement negativity reduces to the following
E = c
4
log[
l1l2
(l1 + l2)ǫ
] +O[ǫ]. (39)
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Interestingly upon setting ǫ = a, their result matches exactly with the universal part of the
entanglement negativity in the CFT1+1 obtained through the replica technique in eq.(7) [24,25].
This naturally implies that the non-universal constant in eq.(7) is subleading in the large central
charge limit. The authors also numerically demonstrated that in the s-channel described by the
limit x → 0 for the case when the two intervals are disjoint and far apart the entanglement
negativity vanishes. Motivated by these results the present authors in collaboration have recently
proposed a holographic conjecture for the entanglement negativity of mixed states described by
such adjacent subsystems in holographic CFTs [30, 31]. This conjecture involves a specific
algebraic sum of the areas of extremal surfaces in the bulk geometry which reduces to the
holographic mutual information between the subsystems upto a numerical factor. Remarkably it
could be shown that for the AdS3/CFT2 case the holographic entanglement negativity computed
from this conjecture exactly reproduces the result given by eq.(39) in [26].
5 Four point function in the large central charge limit
In this section we now focus our attention to the large central charge analysis of the four point
twist correlator in eq.(15) which characterizes the entanglement negativity of the mixed state
configuration depicted in fig. (4). The form of this four point twist correlator may be fixed up
to a function of the cross ratios as follows [22]
〈Tne(z1)T 2ne(z2)T 2ne(z3)T ne(z4)〉C = cnec
(2)
ne
z
2∆ne
14 z
2∆
(2)
ne
23
Fne(x)
x∆
(2)
ne
, x ≡ z12z34
z13z24
. (40)
where x is the cross ratio, the intervals zij = zi − zj and the function Fne(x) depends on full
operator content of the theory. We now implement the following conformal transformation to
map the points (z1, z2, z3, z4)→ (0, x, 1,∞)
wi =
(zi − z1)(z3 − z4)
(zi − z4)(z3 − z1) . (41)
The four point function in eq.(40) then transforms as follows [37]
〈Tne(0)T 2ne(x)T 2ne(1)T ne(∞)〉 = limz4→∞ |z4|
2∆4〈Tne(0)T 2ne(x)T 2ne(1)T ne(z4)〉 (42)
=
cnec
(2)
ne
(1− x)2∆(2)ne
Fne(x)
x(∆
(2)
ne+∆ne)
. (43)
We will now proceed to obtain the large central charge limit of the above four point twist
correlator in different channels using the monodromy technique. Note that the operator Tne and
T ne have the scaling dimension hTne = c24(ne − 1ne ) which in the replica limit ne → 1 vanishes
(hT → 0). Therefore these are light operators in the large central charge limit. On the other
hand the operators T 2ne and T
2
ne in the four point function given by eq.(40) have the scaling
dimension hT 2ne = 2hTne2
= c12 (
ne
2 − 2ne ) as explained in the previous chapter. Therefore in the
replica limit ne → 1, we have hT 2 → − c8 making these operators heavy in the large central
charge limit as O[hT 2 ] ∼ c. We now denote hTc as ǫL and
hT 2
c as ǫH so the function T (z) in
eq.(32) may be expressed as
T (z) =
6ǫH
(z − x)2 −
12ǫH
z − 1 +
6ǫH
(z − 1)2 +
12ǫH
z
+
6ǫL
z2
− x(x− 1)c2
(z − x)(z − 1)z . (44)
In order to fix the monodromy condition given in eq.(34) we require the dimensions of the
intermediate operators in different channels. These may be obtained through the OPEs of Tne(zi)
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with T 2ne(zj) and T
2
ne(zi) with T 2ne(zj) as zi → zj that are given as follows [22]
Tne(zi)T 2ne(zj) =
C
TneT
2
ne
T ne
(zi − zj)2∆ne T ne(zj) + ..... (45)
T 2ne(zi)T 2ne(zj) =
c
(2)
ne
(zi − zj)2∆(2)ne
I + ..... (46)
As explained in [26], in the large central charge limit, the leading contribution for the correlation
function corresponding to the negativity comes from the conformal block of the intermediate
operator with the lowest scaling dimension obtained by fusing the twist operators in their re-
spective channels. Hence, from the above OPEs it is clear that the leading contribution for
the required four point function comes from the intermediate operators T ne and the identity
operator I in the s and t channels respectively.
5.1 t-channel ( pure state limit)
We now proceed to determine the conformal block which provides the dominant contribution in
the large central charge limit, for the four point correlator in question in the t-channel (x→ 1).
Note that in this limit the length of the intervals implies l1, l3 >> l2. As explained earlier,
in this limit the required mixed state configuration which is depicted in fig.(4) reduces to that
of a pure state. To this end we note that the leading singular part of the function T (z) near
z = x = 1 is given as
T (z) =
12ǫH − c2(1− x)
(z − 1)2 . (47)
Hence the solution to the differential equation given by eq.(29) with T (z) as above, is
ψ± = (z − 1) 12 (1±
√
1−4(12ǫH−c2(1−x)). (48)
The monodromy condition given in eq.(29) leads to the following expression for the parameter
c2(x) as follows
c2(x) =
∂f
∂x
=
12ǫH
(1− x) . (49)
Hence, upon integration we obtain the required function f(x) as
f(x) = 12ǫH log[1− x] +O[ǫ2H ]. (50)
Exponentiating this function to obtain the conformal block as described by eq.(28) leads to the
following expression for the four point correlator in the large-c limit as
〈Tne(0)T 2ne(x)T 2ne(1)T ne(∞)〉 ≈
1
(1− x)4cǫH =
1
(1− x)2∆(2)ne
. (51)
From eq.(40) and eq.(43), note that the above four point function is related to the four point
function on complex plane as follows
〈Tne(z1)T 2ne(z2)T 2ne(z3)T ne(z4)〉C = (1 − x)
2∆
(2)
ne x∆ne
z
2∆ne
14 z
2∆
(2)
ne
23
〈Tne(0)T 2ne(x)T 2ne(1)T ne(∞) (52)
Upon substituting the result given by eq.(51) in eq.(52), we obtain to the following expression
for the large central charge limit of the required four point twist correlator in t-channel
〈Tne(z1)T 2ne(z2)T 2ne(z3)T ne(z4)〉C ≈ 1
z
2∆ne
14 z
2∆
(2)
ne
23
(53)
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Hence the above result leads to the following expression for the entanglement negativity in the
t-channel in the large central charge limit
E = c
2
log[
l2
a
] (54)
Interestingly the above large central charge result matches exactly with the eq.(23) obtained
using the holographic conjecture described in [27], in the limit l1, l3 >> l2 which here corresponds
to t-channel (x→ 1). As described earlier in this limit l1, l3 >> l2 the mixed state configuration
in question reduces to that of the pure state and hence, the above result also matches with the
universal result given by eq.(14) which was obtained through the replica technique in [22,24,25].
In the next section we will examine the large central charge limit of the required four point twist
correlator corresponding to the entanglement negativity of the mixed state in question, in the
s-channel.
5.2 s-channel
Having examined the four point correlator in question in the t-channel, we now proceed to
investigate its large central charge behaviour in the s-channel which is described by the limit
x→ 0. To this end we note that the leading singular part of the function T (z) in eq.(32) near
z = x = 0 is given by
T (z) =
6ǫH − c2x
z2
. (55)
Hence, the solution to the differential equation given by eq.(29) for this T (z) is
ψ± = z
1
2
(1±
√
1−4(6ǫH−c2x)). (56)
Using the monodromy condition given by eq.(34) we obtain following expression for the accessory
parameter c2
c2 =
∂f
∂x
=
6ǫH
x
. (57)
Upon integrating the above expression we find the required function f(x) as follows
f(x) = 6ǫH log[x] +O[ǫ
2
H ]. (58)
Note that the conformal blocks obey a recursive relation which was used to determine it as an
expansion in x near x = 0 given in [10]
c
6
f(x) = (h1 + h2 − hp) log[x] +O[x]. (59)
For the required s-channel conformal block we have h1c = ǫL = 0,
h2
c = ǫH and hp = 0 which
leads to the following expression
f(x) = 6ǫH log[x] +O[x]. (60)
This matches exactly with the result we obtained in eq.(58). Finally, exponentiating this function
leads to the following expression for the required four point correlator in the large central charge
limit for the s-channel as follows
〈Tne(0)T 2ne(x)T 2ne(1)T ne(∞)〉 ≈
1
x2cǫH
=
1
x∆
(2)
ne
. (61)
Once again utilizing the above equation in the transformation given by eq.(52) we obtain the
twist correlators in original zi coordinates as
〈Tne(z1)T 2ne(z2)T 2ne(z3)T ne(z4)〉C ≈ x
∆ne
x∆
(2)
ne z
2∆ne
14 z
2∆
(2)
ne
23
(62)
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On identifying the coordinates (z1, z2, z3, z4) = (u1, v1, u2, v2) with |u1 − v1| = l1,|v2 − u1| = l2
and |u2 − v2| = l3, the above equation leads to the following expression for the entanglement
negativity in this channel
E = c
4
log
( l1 l22 l3
(l1 + l2)(l2 + l3)a2
)
. (63)
Quite interestingly, this matches exactly with the corresponding result obtained using the holo-
graphic negativity conjecture given in eq.(18). This leads us to conclude that the function g(x)
in the expression for the full entanglement negativity given by eq.(13) is sub leading in the large
central charge limit in both the s and the t channels5.
The computations in this section therefore provide clear evidence that the function g(x) is
subleading in the large c limit, in both s and t channels (i.e as x → 0 and x → 1). However,
in order to determine the behavior of entanglement negativity everywhere between 0 and 1
(0 ≤ x ≤ 1) we need to begin by considering the six point function in eq.(10) instead of the four
point function given by eq.(40) in a specific limit. We proceed to perform this computation in
the next section.
6 Six point function in the large central charge limit
B1
z1 z2
A B2
z3 z4 z5 z6
Figure 6: Schematic of the configuration with single interval A in between two disjoint intervals B1 and B2
In this section we examine the large central charge limit of the entanglement negativity for the
bipartite mixed state described by a single interval (A) with two intervals (B1 ∪ B2 = B) on
either side as depicted in fig.(6). We will utilize the monodromy technique to obtain the large-c
behavior of the six point function corresponding to the entanglement negativity, in the limit in
which the two intervals B1 and B2 become adjacent to A. Hence, in order to determine the
entanglement negativity for this mixed state it is required to compute the following six point
function in the limit z2 → z3 and z4 → z5
Tr(ρTAAB)
ne = 〈Tne(z1)T ne(z2)T ne(z3)Tne(z4)Tne(z5)T ne(z6)〉. (64)
A generic six point function in a CFT1+1 depends on three independent conformal cross ratios
which we choose to be
x1 =
z21z56
z26z51
, x2 =
z31z56
z36z51
and x3 =
z41z56
z46z51
(65)
where zij = zi− zj such that the points (z1, z2, z3, z4, z5, z6) are situated as shown in fig.(6) and
the lengths of the intervals B1, A and B2 are given as (l1 = |z1−z2|, l2 = |z3−z4|, l3 = |z5−z6|).
We now consider a conformal transformation w = (z−z1)(z5−z6)(z−z6)(z5−z1) such that the six point function
5Note that it might seem as if there could be phase transition of the entanglement negativity between its values
in t and s- channel. This is not the case as the phase transitions for entanglement entropy in the large central
charge limit reported in [10] and for entanglement negativity in [26] are between their values in t-channel (when
the intervals are close by) and s-channel (when the intervals are far apart). We emphasize here that this is not the
situation for the mixed state configuration considered depicted in fig.(4), as the intervals B1 and B2 are always
adjacent to the interval A. This is also clear from the fact that this four point function arises from the fusion of
twist operators in a six point correlator in a specific limit as will be described in section.(6).
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in eq.(64) depends only on the above mentioned cross ratios x1, x2 and x3 as follows
Gne(x1, x2, x3) = 〈Tne(0)T ne(x1)T ne(x2)Tne(x3)Tne(1)T ne(∞)〉 (66)
= lim
z6→∞
|z6|2∆6〈Tne(0)T ne(x1)T ne(x2)Tne(x3)Tne(1)T ne(z6)〉
Note that the required limits z2 → z3 and z4 → z5 as depicted in fig.(6) correspond to the channel
defined by the limits x1 → x2 and x3 → 1 in the transformed coordinates. The entanglement
negativity for the mixed state configuration in question, is therefore given by
E = lim
ne→1
log[Gne(x1, x2, x3)Ω1 ] (67)
where the subscript Ω1 denotes the limits x1 → x2 and x3 → 1. In the large central charge limit
once again the dominant conformal block is expected to exponentiate as follows
Gne(x1, x2, x3) ≈ exp
[− c
6
f
(
ǫp, ǫi, x1, x2, x3
)]
(68)
where ǫp =
hp
c and ǫi =
hi
c and the function f
(
ǫp, ǫi, x1, x2, x3
)
has to be determined from the
monodromies around the singularities of the stress tensor T (z) which is given by
T (z) =
6∑
i=1
hi
(z − zi)2 +
ci
(z − zi) . (69)
As discussed for the case of the four point function in section.(5), three of these parameters are
fixed by demanding that the stress tensor T (z) ∼ z−4 for large z which leads to the following
constraints on the accessory parameters ci
6∑
i=1
ci = 0
6∑
i=1
(cizi − 6hi
c
) = 0
6∑
i=1
(ciz
2
i −
12hi
c
zi) = 0. (70)
Identifying the required points as (z1, z2, z3, z4, z5, z6) = (0, x1, x2, x3, 1,∞) and then substitut-
ing the above equations in the expression for the stress tensor T (z) in eq.(70) we arrive at the
following expression
T (z) =
6h
cz2
+
6h
c(z − 1)2 +
6h
c (z − x1) 2 +
6h
c (z − x2) 2 +
6h
c (z − x3) 2 −
c2
z − x1 −
c3
z − x2 −
c4
z − x3
−
24h
c − c2x1 − c3x2 − c4x3
z − 1 −
c2 (x1 − 1) + c3 (x2 − 1) + c4x3 − c4 − 24hc
z
(71)
Note that since we have used the three constraints in eq.(70), the stress tensor T (z) now depends
only on the three accessory parameters c2, c3 and c4 which are related to the derivatives of the
function f
(
ǫp, ǫi, x1, x2, x3
)
as follows
c2 =
∂f
∂x1
, c3 =
∂f
∂x2
and c4 =
∂f
∂x3
(72)
The trace of the monodromies around the singularities of the stress tensor in a given channel
are expected to obey the following condition
Tr(M) = −2 cos (πΛp), hp = c
24
(1− Λ2p). (73)
As described in [26] for the case of the entanglement negativity for adjacent intervals, the
conformal blocks corresponding to the intermediate operators (T 2ne) provide the dominant con-
tribution in the large central charge limit. This is because for the entanglement negativity, the
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operators that fuse in the limit of intervals becoming adjacent are two identical twist operators.
Note that this is different from the case for entanglement entropy of multiple intervals considered
in [10], where a twist and an anti-twist operator fuse in pairs, and the vacuum block provides
the dominant contribution. As is evident from the ordering of the twist operators in eq.(66),
the intermediate operators for the six point correlator in the limits x1 → x2 and x3 → 1 are also
T 2ne and T 2ne respectively as in [26]. Upon using the scaling dimension of the operators T
2
ne and
T 2ne given by hp = − c8 in the replica limit, eq.(73) reduces to
Tr(Mx1x2) = Tr(Mx31) = −2 (74)
The stress tensor T (z) near z = x1 = x2 in the replica limit h→ 0 is given as follows
T (z) ≈ −c2 (x1 − x2)
(z − x2)2
(75)
The solutions for the differential equation given by eq.(29) with the above expression for T (z)
are as follows
ψ± = (z − x2)
1
2
(1±
√
1−4c2(x2−x1). (76)
The monodromy condition given in eq.(74) for the above solutions, leads to the following ex-
pression for the accessory parameter c2
c2 =
∂f
∂x1
=
3
4(x1 − x2) (77)
Similarly the stress tensor T (z) near z = x3 = 1 is given as follows
T (z) ≈ c4(1− x3)
(z − 1)2 (78)
The solutions for the differential equation in eq.(29) with the above expression for T (z) are given
as
ψ± = (z − 1)
1
2
(1±
√
1−4(c4(1−x3)). (79)
As earlier, upon using the conditions on the trace of the monodromy matrix given in eq.(74) for
the above solutions we arrive at
c4 =
∂f
∂x3
=
3
4(x3 − 1) (80)
Upon integrating eq.(77) and eq.(80), it may be shown that the form of the required function
f(x1, x2, x3) is fixed upto a function of x2 which we denote as φ(x2), to be as follows
f(x1, x2, x3) =
3
4
log[(x1 − x2)(x3 − 1)] + φ(x2). (81)
6.1 Pure state limit
∞← z1
B1
z2
A B2
z3 z4 z5 z6 →∞
Figure 7: Schematic of the configuration with single interval A in between two disjoint intervals B1 and B2 in the
limit of B → Ac (Pure state limit).
It is important emphasize here that in order to fix the function φ(x2) in eq.(81) we require the
third intermediate operator which leads to the third accessory parameter c3. We observe that
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for this may be fixed only in the limit6 z1 → z6 or x1, x2, x3 → 1. The function T (z) near
z = x1 = x2 = x3 = 1 in eq.(71) may be approximated as follows
T (z) =
c2 + c3 + c4 − c2x1 − c3x2 − c4x3
(z − 1)2 . (82)
The operators that fuse in the limit z1 → z6 are Tne(z1) and T ne(z6) and therefore the vacuum
block gives the dominant condition. Hence on utilizing the monodromy condition given by
eq.(73) with hp = 0 which corresponds to the vacuum block, we obtain the accessory parameter
c3 as
c3 =
∂f
∂x2
=
3 (2x1 − x2 − 1)
4 (x2 − 1) . (x2 − x1) . (83)
Upon solving the coupled partial differential equations given by eq.(77), eq.(80) and eq.(83), we
obtain the following form for the required function f(x1, x2, x3) in the pure state limit as
f(x1, x2, x3) =
3
4
log
[(x1 − x2)(x3 − 1)
(x2 − 1)2
]
. (84)
Comparing eq.(83) and eq.(84), we obtain the function φ(x2) in the limit of x2 → 1 as
lim
x2→1
φ(x2) = −3
2
log[(x2 − 1)]. (85)
From eq.(65), eq.(84), by taking z2 − z3 = ǫ and z4 − z5 = ǫ ( which corresponds to the limit of
B1 and B2 becoming adjacent to A ), we obtain the entanglement negativity as
E = c
2
log[
l2
ǫ
] +O[ǫ]. (86)
The above expression matches exactly with the replica technique result given in eq.(14) and also
that obtained by our conjecture given by eq.(23), in the pure state limit.
6.2 Adjacent intervals limit
z1
B1
z2
A B2
z3 z4 z5 z6
Figure 8: Schematic of the configuration with single interval A in between two disjoint intervals B1 and B2, in
the limit B1 → ∅
In the pure state limit z1 → z6 (x2 → 1) which was described above, we clearly demonstrated that
the form of the required function φ(x2) in eq.(81) is fixed . We will now utilize the large central
charge limit of the entanglement negativity for the mixed state of the adjacent intervals [26],
which was discussed in section.(4.1), to further constrain the function φ(x2). Note that the
mixed state depicted in fig.(6) reduces to the mixed state of the adjacent intervals depicted in
fig.(8) in the limit of the interval B1 → ∅ or z1 → z2 (x1 → 0 from eq.(65) and since x1 → x2
6Note that the points z1 and z6 are on either side of the interval A and hence, the bipartite pure state limit
implies z1, z6 → ∞ as shown in fig.(7). As the complex plane may be mapped to a Riemann sphere on which
infinity is a single point, this limit is equivalent to z1 → z6. This issue becomes extremely significant for the
computation of the entanglement negativity for the bipartite finite temperature mixed state, where the bipartite
limit is not equivalent to z1 → z6 as described in [22].
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this implies x2 → 0 as well ). Hence, in this limit the function f(x1, x2, x3) given by eq.(81) has
to reduce to the function given by eq.(38). This implies that
lim
x1,x2→0
f(x1, x2, x3) =
3
4
log[
(x3 − 1)
(x2 − 1) ] ≈
3
4
log[(x3 − 1)] (87)
It may be easily checked from eq(65), that this form of the function leads to the following
expression for the entanglement negativity in the adjacent interval limit (z1− z2 = ǫ, z2− z3 = ǫ
and z4 − z5 = ǫ)
E = c
4
log
[ l2l3
(l2 + l3)ǫ
]
+O[ǫ] (88)
Notice that as expected, the above expression matches exactly with the result obtained by [26]
given in eq.(39) and the replica technique result obtained by [24,25] in eq.(7). From eq.(87) and
eq.(81), this in turn implies that the function φ(x2) is fixed in the limit x2 → 0 as
lim
x2→0
φ(x2) = −3
4
log[x2]. (89)
Hence, from eq.(85) and eq.(89), the form of the function φ(x2) is fixed in the limits x2 → 1
and x2 → 0. However, note that for the required mixed state configuration depicted in fig.(6),
x1 and x2 can be anywhere between 0 and 1. The simplest form of the function φ(x2) which
reduces to eq.(85) in the limit x2 → 1 and eq.(89) in the limit x2 → 0 is as follows
φ(x2) = −3
4
log[x2(x2 − 1)2]. (90)
Notice that the above choice of the function φ(x2) obeys the constraints eq.(85) and eq.(89). We
mention here that our choice of the function φ(x2) remains non unique upto a function which
conforms to the above mentioned constraints. However as we shall show below this choice of
the function conforms to the bulk geodesic structure following from our holographic conjecture
and obeys the required monodromy conditions. Seemingly the remnant non uniqueness in the
choice of the function φ(x2) is a limitation of the monodromy technique for this limit.
From eq.(90) and eq.(81) we get the form of the function f(x1, x2, x3) and the accessory
parameters to be as follows
f(ǫp, ǫi, x1, x2, x3) =
3
4
log
[(x1 − x2) (x3 − 1)
x2 (x2 − 1) 2
]
, (91)
∂f
∂x1
=
3
4(x1 − x2) , (92)
∂f
∂x2
=
6x22 + x1 (3− 9x2)
4 (x1 − x2) (x2 − 1) x2 , (93)
∂f
∂x3
=
3
4 (x3 − 1) . (94)
Utilizing the values of cross ratios given in eq.(65)) in eq.(91),by taking z2−z3 = ǫ and z4−z5 =
ǫ ( which corresponds to the limit of B1 and B2 becoming adjacent to A ), we obtain the
entanglement negativity from eq.(67) and eq.(68) as
E = c
4
log
[ l1 l22 l3
(l1 + l2)(l2 + l3)ǫ2
]
+O[ǫ]. (95)
Once again upon choosing ǫ = a the above expression matches exactly from the holographic
conjecture (CMS) for the entanglement negativity for this mixed state configuration obtained
through the bulk pure AdS3 geodesics given in eq.(22) and with the universal part of the entan-
glement negativity determined though the replica technique results given in eq.(13). The above
18
result therefore serves as a strong consistency check for the holographic conjecture proposed
in [27].
Furthermore, we have also numerically verified through a mathematica code7 by solving
the differential equation given by eq.(29) and then obtaining the trace of monodromies around
the singularities of the stress tensor T (z) in the limits x1 → x2 and x3 → 1. Remarkably,
with the above mentioned accessory parameters, the monodromy conditions match exactly with
the required conditions in eq.(74). We have provided below a table describing our numerical
computation of the trace of the required monodromy matrices for some representative values of
x1, x2 and x3 such that x1 → x2 and x3 → 1
x1 x2 x3 Tr(Mx1x2) Tr(Mx1x2)
1 015 0.17 0.97 -2.006 -1.997
2 0.24 0.26 0.97 -2.007 -1.997
3 0.32 0.35 0.96 -2.013 -1.992
4 0.46 0.48 0.98 -2.007 -1.984
5 0.51 0.54 0.99 -2.004 -1.999
Observe from the table above that the values of the trace of the required monodromy matrices
match significantly with the expected monodromy conditions in eq.(74) providing a strong con-
sistency check for the validity of the holographic conjecture in [27,28]. Hence from the analytic
and numerical determination of the large central charge behaviour of the six point function
and the four point function corroborates the holographic entanglement negativity conjecture
described in [27,28].
7 Summary and Conclusion
To summarize, in this article we have utilized the monodromy technique to examine the large
central charge behavior of the entanglement negativity for a bipartite mixed state configuration
in a CFT1+1. The mixed state in question is described by a single interval enclosed between
two intervals on either side in a holographic CFT1+1. We would like to emphasize that this
configuration is relevant to the recently proposed CMS conjecture for the holographic entangle-
ment negativity of bipartite systems described by a CFT1+1. To this end we have elucidated
the large central charge limit of a four point twist correlator characterizing the entanglement
negativity of the relevant mixed state. Through this analysis we have explicitly demonstrated
that the behaviour of the four point function both in s and t channels, is consistent with the
CMS holographic negativity conjecture in the AdS3/CFT2 scenario.
We would like to point out here that the analysis described above for the four point twist
correlator in different channels do not encompass the complete regime for the entanglement
negativity of the relevant mixed state. To this end it was necessary to investigate the large
central charge limit of a six point twist correlator in a specific colliding limit which captures the
entire regime for the four point correlator mentioned above. Utilizing the monodromy technique
for the six point correlator we establish the form of the entanglement negativity for the required
mixed state configuration, in the large central charge limit. We observe that universal part of
the entanglement negativity is dominant in the large central charge limit and conforms with the
corresponding result obtained from our holographic conjecture. Furthermore we also solve the
monodromy equation numerically and establish that that the expected monodromy conditions
are precisely satisfied. Naturally our analysis constitutes a strong consistency check for the CMS
holographic negativity conjecture in the context of the AdS3/CFT2 scenario. Our analysis also
7We have modified the program for determining the trace of the monodromy matrix for the correlation function
of twist fields corresponding to entanglement entropy given in [10] by considering the appropriate intermediate
operators ( T
2
ne and T
2
ne) for the required correlation function in eq.(66).
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serves as a starting point for a bulk proof of the CMS holographic negativity conjecture. We
hope to return to this fascinating issue in the near future.
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